Recent papers on advanced semiconductor devices adopt a model called density-gradient correction, in which the standard electric potential acting on the carriers is modified by a non-linear term involving the carrier concentration and its second derivatives . When applied to cases where quantum effects are not negligible, the modified model improves the results with respect to the standard approach. The paper shows how, starting from a straightforward derivation of the density-gradient correction from the Schrodinger equation, its interpretation as an addit ion to the potential energy is questionable, and makes a few considerations for further investigation on the subject.
Introduction
In the modeling of nanoscale devices it is necessary to account for the quantum effects , that playa non-negligible role due to the device size and to the presence of sharp variations in the electric potential. To this purpose, in the frame of a semiclassical picture of carrier transport in semiconductors, a model call density-gradient correction is often used, in which the standard electric potential acting on the carriers is modified by a term proportional to (\l2..[ii) j..[ii, with The inclusion of the density-gradient correction is made by simply adding it to the potential energy of the standard model , to obtain an "equivalent" field acting on the carriers. It will be shown in the following sections that the density-gradient correction possesses some properties that make such procedure questionable. A subtler point is that the adoption of the correction as such violates the applicability limits of the Ehrenfest approximation, upon which the semiclassical equations for the modeling of semiconductor devices are based. Further investigations on the subject are then of importance, both from the conceptual viewpoint and to provide a sound basis for the models to be adopted in practical applications.
Theory
The starting point is the Schrodinger equation j h a' l /J/ at = 11' l /J which, in this form, holds for a system of particles and for a non-conservative case as well. Considering a system of identical particles of mass m and neglecting the magnetic part of the force , the single-particle Hamiltonian reads 11 = p.p/(2m) +V w , where p = -j h 'V and Vw accounts for the effect of the other particles and possible external forces . Here, the wave function ' l /J is defined over a domain n, which may be infinite, and is assumed normalized. The Schrodinger equation is easily split into two real equations by considering the real and imaginary part of ' l /J . However, it is more sensible to use the expression ' l /J = 0: exp (j /3), 0:~0, which reminds one of that used to derive the eikonal equation of geometrical optics . In this case the two real equations read ao: 
namely, two differential equations in the unknowns 0:, /3, the first of which is the standard continuity equation for the probability density . As for the second of (3), its limit for h --+ 0 ==? Q --+ 0 is the Hamilton-Jacobi equation of classical mechanics and, as a consequence, the classical limit of S is the Hamilton principal function [4, Ch. VIA] . It should also be noted that, in the limit Q --+ 0, equations (3) become decoupled from each other. Without the limit, the term Q may be manipulated by considering an ensemble of N replicas of the particle, to find
where n = N P is dimensionally a concentration. Clearly, as n is a quantity proportional to the squared wave function of a single particle, its meaning is not that of concentration in a system of interacting particles. On the other hand, it is interesting to note that the last form of Q in (5) reproduces that of the density-gradient correction.
The derivation above shows that such a term is inherent in the Schrodinger equation and is derived from it without approximations. In the time-independent case (3) reduce to
